Objectives: The presence of atherosclerotic plaque in the carotid arteries is a strong predictor of cardiovascular disease (CVD). Research and data on CVD risk have been derived primarily from individuals aged 55 years or older, and assessment of CVD risk among young and middle-aged adults seldom has been studied. The use of ultrasonography to measure carotid intima-media thickness (IMT) and carotid plaque appears to have utility to detect subclinical atherosclerosis in asymptomatic adults. This study evaluated the presence of carotid plaque using ultrasonography among healthy young and middle-aged adults.
D
espite studies illustrating the strong relation between traditional cardiovascular risk factors (eg, cigarette smoking, hyperlipidemia, obesity) and atherosclerosis, and prevention methods targeting known risk factors, cardiovascular disease (CVD) remains the primary cause of mortality worldwide.
1 Data used in most studies, however, have been derived from individuals 55 years old or older, 2 and assessment of CVD risk among young and middle-aged adults has been seldom studied.
Measurement of carotid artery intima-media thickness (IMT) by ultrasonography has been used to evaluate the risk of future atherosclerotic plaque formation and development of CVD. atherosclerosis, and the predictive value of carotid IMT for CVD in younger individuals is equal to that of older individuals. 4, 5 Studies evaluating carotid IMT and carotid plaque among individuals younger than 55 years have been conducted in college students, 4 young adults with chronic renal failure, 6 and non-US populations [7] [8] [9] [10] ; however, findings may not generalize to young and middle-aged adults in the United States, particularly those from diverse ethnic, racial, and socioeconomic backgrounds. Predictors of new plaque formation in previous studies with older individuals include age, past and current cigarette smoking, hyperlipidemia, race, ethnicity, systolic blood pressure, male sex, and fasting glucose. [11] [12] [13] Studies indicate that as the number of childhood risk factors increases, IMT values increase, 14 along with the severity of asymptomatic coronary and aortic atherosclerosis. 15, 16 Conventional methods such as careful review of traditional risk factors or the use of risk prediction scales do not provide an accurate measure of CVD risk and atherosclerotic disease among asymptomatic individuals, and those who are asymptomatic make up a large portion (50%-64%) of sudden CVD-related deaths. 17 In young patients with other comorbidities such as renal failure, the prevalence of carotid plaque may be as high as 92%, 6 but in healthy individuals younger than 50 years old, the prevalence appears to be low. 8, 10 Because atherosclerosis is a slowly progressing disease that may begin early in life, investigation of early plaque formation is merited not only later in life but also in early adulthood. 7 Our study measured carotid IMT and carotid plaque via ultrasonography as a measure of subclinical atherosclerosis and sought to identify the predictors of subclinical atherosclerosis among ethnically, racially, and socioeconomically diverse individuals 50 years old and younger living in Miami, Florida. It was anticipated that findings from the present study could facilitate early intervention and prevention of CVD.
Methods

Participants
Before any study-related activities were undertaken, approval from the University of Miami Miller School of Medicine institutional review board was obtained. Participants in this substudy were control participants, these being human immunodeficiency virus (HIV)-uninfected participants with no history of substance use, who were recruited as part of a larger study examining CVD in substance-using individuals with HIV. Candidates were recruited from December 2014 to September 2016 in Miami, Florida; inclusion criteria required participants to be 18 to 50 years of age. Candidates were excluded if they had a history of hepatitis C, diabetes mellitus, hypertension, myocardial infarction, transient ischemic attack, bypass surgery, angioplasty, or lipid-lowering agents or statins use. HIV-infected participants and those with a history of cocaine use were excluded from the present study. A total of 173 participants were included in this study (91 men, 82 women).
Measures
Three resting systolic and diastolic blood pressure measurements were taken, and weight and height were measured. Body mass index (BMI) was derived from measured weight and height. The average of the three blood pressure measurements was used for data analyses. Participants completed a demographic and lifestyle assessment which included age, sex, current employment status, monthly personal income, cigarette smoking, and personal and family history of CVD. Cigarette smoking history was coded as never or current smoker based on a (yes/no) selfreport. If the participant indicated being a current cigarette smoker, then he or she was asked to provide the approximate number of cigarettes smoked every day. Because the participants in this study were HIV uninfected, HIV testing was performed by using the rapid test OraQuick ADVANCE Rapid HIV-1/2 Antibody Test (OraSure Technologies, Bethlehem, PA). 18 A carotid artery ultrasonography was performed using a high-resolution B-mode carotid ultrasound machine by a trained sonographer who was blinded to participant risk factors for CVD. A total of 400 carotid IMT and plaque ultrasonography images were taken at 1-cm segments of the distal common carotid artery near and far wall, 1 cm of bifurcation, and 1 cm proximal internal carotid artery near and far wall, which were then analyzed using a software measured offline with the automated edge tracking system M'Ath (Intelligence in Medical Technologies, Paris, France). M'Ath automatically searches in the vicinity of reference for the wall boundaries using an intensity-gradient detection algorithm. The final IMT values used in statistical analysis were calculated based on arithmetic averages for the IMT values obtained from each segment. Participants identified as being at risk of CVD by having IMT >1 mm or carotid plaque were referred for standard-of-care treatment for CVD risk.
The International Physical Activity Questionnaire 19 was used to assess exercise frequency. Participants were asked to report the number of days in the past week in which they engaged in physical exercise for >10 continuous minutes and the approximate average number of minutes participants spent exercising on each day. To obtain a total number of minutes spent exercising in 1 week, the number of days spent exercising was multiplied by the average number of minutes reported. Given the high variability in responses, total scores were dichotomized into whether the participant had completed less or more than 150 minutes of exercise in a week using recommend exercise cutoffs. 20 Eating habits were assessed using the Rapid Eating Assessment for Participants. 21 This scale assesses the intake of a variety of food groups. A greater score on this scale indicates better eating habits that are consistent with a balanced diet. Reliability for this scale in this sample was acceptable (α = 0.75).
Depressive symptoms were measured using the Center for Epidemiological Studies-Depression Scale. 22 Respondents were asked to provide the frequency of a variety of symptoms in the past week. Scores range from 0 to 60; higher scores indicate more severe depressive symptomatology. In this sample, the internal consistency was excellent (α = 0.87).
Results
Participant ages ranged from 18 to 50 years, with a mean of 34.18 (standard deviation 8.9). Approximately half of the participants were men, two-thirds were African American, and half were employed. IMT values ranged from 0.49 to 1.03 mm, with a mean value of 0.70 mm (standard deviation 0.09). One-fifth of the participants (21%, 95% confidence interval [CI] 15.0-27.2) were identified as having carotid plaque in the carotid artery via ultrasound. In bivariate analyses, the detection of plaque was associated with older age, male sex, greater IMT, increased diastolic blood pressure, and current or past cigarette smoking (Table) .
In multivariable logistic regression, older age (adjusted odds ratio [AOR] 1.08, 95% CI 1.01-1.16, P = 0.024), and cigarette smoking (AOR 2.67, 95% CI 1.02-7.00, P = 0.045) were associated with carotid plaque, after controlling for sex, diastolic blood pressure, and IMT (model Nagelkerke R 2 0.419). In other words, a 1-year increase in age was associated with an OR of 1.08 of having plaque in the carotid artery. Because carotid IMT is a precursor of carotid plaque, a model without IMT as a predictor also was tested. Excluding IMT, only age was associated with carotid plaque.
Given the high percentage of overweight/obese (73%) participants and current/past cigarette smokers (47 %), stratified analyses were conducted by BMI category and cigarette smoking status. In normal-weight participants (n = 47), no associations with carotid plaque were found; however, among overweight/obese participants, only older age (AOR 1.17, 95% CI 1.00-1.36, P = 0.044) remained associated with carotid plaque. No differences in associations with carotid plaque emerged between nonsmoking and smoking strata.
Discussion
This study evaluated subclinical atherosclerosis measured by the presence of carotid plaque in an ethnically, racially, and socioeconomically diverse sample 18 to 50 years old, and evaluated demographic and psychosocial risk factors associated with carotid plaque, adding to previous research conducted with older individuals, individuals with comorbidities, and non-US populations. 23, 24 Consistent with previous studies, this study found that older age and cigarette smoking were associated with the presence of carotid plaque, with age being the most robust predictor of subclinical atherosclerosis. 25, 26 In stratified comparisons, however, age was associated with carotid plaque only in overweight and obese participants, but not among participants of normal weight.
Our findings differ from what has been described in the literature. We did not find associations with other traditional risk factors such as systolic blood pressure, race, and sex. [27] [28] [29] [30] [31] A few possibilities may account for these findings. This sample comprised predominantly young ethnic and racial minority participants in whom elevated blood pressure may not have yet manifested. In addition, CVD risk among minority participants is typically assessed using white participants as the reference group, 13 and in our sample white participants represented a small portion of our sample size, which may have disguised the potential to detect ethnic and racial differences in rates of subclinical atherosclerosis. The lack of association with sex may be accounted for by the reduction in the gender gap in previous decades, 32 although historically men have had significantly higher rates of CVD.
The prevalence of subclinical atherosclerosis as measured by the presence of carotid plaque in this sample was 21%. A previous study in Finland among young adults reported a prevalence of carotid plaque of 2%, 10 another in India reported 30%, 33 and in Japan plaque prevalence was not found among adults younger than 50 years old. 8 The high prevalence of subclinical atherosclerosis in this sample may, in part, result from the predominantly African American racial composition of the sample. African Americans are at greater risk for CVD 34 ; however, any racial differences in this sample may have been obscured by the small sample size. Our findings suggest that early intervention with this group may be necessary to reduce health disparities in CVD risk and development for African Americans.
Previous studies have measured changes in carotid artery IMT changes over time using ultrasound to detect plaque formation as a measure of cardiovascular risk among older patients, 35 but IMT has not been used consistently in younger, multiethnic populations in the United States. The use of ultrasound to measure IMT and carotid plaque may be a useful tool in measuring and detecting CVD risk in young and middle-aged asymptomatic adults who smoke tobacco products or who are obese/ overweight. The best approach to attempt to reverse plaque formation is a combination of behavioral (dietary, physical activity and smoking centered) and pharmacological (statins) interventions. New approaches to promote healthy behaviors, such as the use of motivational interviewing (interviewing techniques to promote self-motivated change), have been successful in reducing risk behaviors and should be explored in CVD risk-reduction programs. 36 This study was limited by the use of a cross-sectional design, restricting temporal and causal associations. Lack of variability in the sample may have limited the potential to detect associations with other factors (eg, using BMI, because no associations with carotid plaque were found among those who were normal weight). Given that the only traditional risk factors found to be associated with carotid plaque in this sample were age and cigarette smoking, it is possible that other nontraditional risk factors not assessed in this study may have influenced these findings. In addition, blood lipids and Framingham or coronary artery calcium scores were not measured or calculated in this study, and these may be more predictive of immediate CVD risk among asymptomatic individuals. 37 IMT has been found to be superior in detecting subclinical atherosclerosis in comparison to traditional measures of CVD risk, however. 38 Finally, the use of a dichotomous variable to define carotid plaque, rather than plaque size 39 and density, 29 also may limit results.
Conclusions
Although the link between CVD and cigarette smoking has been well established, 11 these results provide evidence that the cardiovascular damage caused by smoking may occur early. We propose to include the use of carotid ultrasound to detect subclinical atherosclerosis among young and middle-aged adult smokers and to explore the relative impact of providing IMT measurements to illustrate the physical evidence of developing CVD so as to enhance engagement in CVD prevention strategies. Future studies in younger populations could explore the relative impact of providing IMT measurements to enhanced interventions such as motivational interviewing 36 found to reduce risk, in comparison with the standard of care for CVD risk reduction.
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